Objective: Obstructive sleep apnoea syndrome (OSAS) associated with daytime sleepiness (DS) contributes to a higher incidence of motor vehicle accidents. Validation of fitness to drive in driving license applicants, with special concern regarding OSAS accompanied by excessive DS, became mandatory under new EU legislation in January 2016. The aim of the study was to translate and validate the recommended questionnaire to screen for OSAS (Q-OSAS) in the Slovak population. No data on any Q-OSAS validation has previously been published.
INTRODUCTION
Obstructive Sleep Apnoea (OSA) syndrome is a prevalent chronic sleep disorder frequently associated with cardiovascular comorbidity and associated with several adverse clinical outcomes. Persons with OSA are at a high risk of being involved in occupational accidents (1) , and have an increased risk of motor vehicle accidents (MVAs) because of their impaired vigilance (2) . The documented increased risk of MVAs in OSAS patients resulted in a new legislative process and requirements for validation of fitness to drive in driving license applicants with specific concern regarding OSAS (3).
New EU legislation has been passed on fitness-to-drive tasks for the selection and treatment of drivers with an apnoea-hypopnoea index (AHI) of 15 or more per hour of sleep in the presence of excessive daytime sleepiness (DS). Night polysomnography, considered the ''gold standard'' for OSA diagnosis, is not widely available and its expense constitutes a burden on public health resources. Therefore, several questionnaires calculating anthropometric data, sex and age and asking more or fewer questions about the presence of snoring, lapses of breathing during the night, daytime spells, arterial hypertension and other symptoms have been developed and evaluated for the presence of OSA with an AHI of 15 or more with various specificities and sensitivities: the Berlin questionnaire (4−7), the STOP Questionnaire (8), the STOP-Bang Questionnaire (7, 9) , the ASA Checklist (7), the Wisconsin questionnaire (5, 10) and the Sleep Apnoea of Sleep Disorders Questionnaire (11) .
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The Obstructive Sleep Apnoea Working Group under European Commission Directive 2006/126 proposed a Questionnaire to screen for OSAS (Q-OSAS) in order to identify driving license applicants at risk from OSAS. The questionnaire has not been made mandatory, but member states are strongly encouraged to make use of it during screening (3) .
The aim of the study was to translate and validate Q-OSAS in the Slovak population and to test it for OSAS diagnostic prediction, all the more so because it has not been validated in any other population.
MATERIALS AND METHODS

Patients and the Study Protocol
A total of 311 subjects was recruited from sleep labs in Slovakia between November 2014 and December 2015 during the validation process of the Slovak version of Q-OSAS. All subjects agreed to participate and provided written informed consent prior to the study, which was approved by Local Ethics Committees.
The subjects, who were all aged 18 years or older were scheduled for full-night polysomnography (PSG) on the basis of having experienced a snoring spell, disrupted sleep or being referred because of arterial hypertension. They were asked to fill in the Slovak version of Q-OSAS just before the PSG examination. The final Q-OSAS score was then calculated. Full-night PSGs were performed in accredited sleep labs and scored by certified sleep physicians. The PSG consisted of a frontal and/or central and occipital electroencephalogram, a right and left electrooculogram and a submental electromyogram; airflow and respiratory effort were determined by measurement of chest and abdominal motion, arterial oxygen saturation, ECG and m. tibialis anterior electromyogram. Sleep was manually scored according to the American Academy of Sleep Medicine (12) . Respiratory events were scored as apnoeas (absence of airflow ≥ 10 s: obstructive apnoeas in the presence of respiratory effort; central apnoeas in the absence of respiratory effort), and hypopnoeas (decrease of flow to > 50% below baseline ≥ 10 s associated with decreased SaO2 > 3% or with arousal). The AHI was computed as the total number of apnoeas and hypopnoeas divided by the total sleep time in hours.
The questionnaires and the AHI were collected the next morning. Partially missing data (n = 23) were excluded from the analysis. A total of 288 subjects remained for analysis.
Q-OSAS
The Q-OSAS consists of eleven items. The first five are objective items -gender, age, weight and height, and the existence of recent MVAs involving injuries or property damage that required police reports. The 6-10th items deal with the frequency and intensity of snoring, the presence of breathing pauses as identified by bed partners or witnesses, the restorative quality of sleep and the presence of arterial hypertension.
The last item of the questionnaire searches for the presence of DS using the Epworth Sleepiness Scale (ESS) (13) . The ESS is an 8-item questionnaire with 4 possible answers per question expressing the probability of falling asleep, rated from 0 to 3.
A total of 24 points is the maximum sleepiness level. Subjects without DS have an ESS score up to 10; a value of 11 is considered to be mildly abnormal DS, whereas a score of 15 or higher is considered as severe somnolence.
The interpretation of Q-OSAS was based on an attributed value for each question, reflecting the risk of MVAs or the possibility of suffering from OSAS, as well as the level of uncertainty. This value was based on a consensus minimal agreement among the members of the Obstructive Sleep Apnoea Working Group (Appendix 1). A score of 10 points or more was considered as a positive result (3).
Translation of the Q-OSAS
The Q-OSAS was forward and backward translated by two independent teams of investigators involved in further study data collection and two independent translators with no awareness of the measured concepts, all fluent in English and Slovak. The results of the translations were later discussed for semantic and idiomatic issues and tested on a sample of 20 patients, which led to the raising of two minor issues included in the final translation.
Statistics
Descriptive statistics were used to describe demographic features: age, sex, and BMI, Q-OSAS score, AHI and ESS scores. Differences between AHI groups were tested by χ 2 -test or Mann--Whitney U-test, as appropriate.
Receiver operating characteristic (ROC) curves were used: a) to assess how a Q-OSAS score of 10 points or more can predict an AHI score of 15 and more, b) to compare the sensitivity and specificity of Q-OSAS for different cut-off values of the Q-OSAS score, c) to compare the sensitivity and specificity of Q-OSAS without the ESS score included in the final score.
RESULTS
A total of 311 subjects referred for polysomnography completed the Q-OSAS. Complete data were obtained from 288 subjects (92.6%) and used for analysis. Subject characteristics (age, sex, BMI, Q-OSAS score, and AHI) are listed in Table 1 . Age, sex, BMI and ESS scores significantly varied in the group of patients with an AHI of less than 15 and the group with 15 or more. A total of 216 patients had an AHI of 15 or more with a median score on the Q-OSAS of 10. Patients with an AHI below 15 had a median Q-OSAS score of 8.
The specificity and sensitivity of the Q-OSAS (Table 2) was calculated for different cut-off values for the score:
A) recommended 10 points or more as a positive result (3), B) used 9, 8, 7, 6 cut-off values for the Q-OSAS score, C) used cut-off values for the questionnaire without an ESS score: 8, 7, 6, 5, 4 (adopted for exclusion of ESS).
The sensitivity and specificity of the cut-off at 10 points (A) was 57% and 67%, respectively, with an increase of sensitivity and decrease of specificity with a lowering of the cut-off values (B). Excluding the ESS score from the final statistics yielded the best sensitivity (77%) and specificity (50%) for the cut-off value S34 of 8 points, the equivalent of a score of 10 points or more with the full version of Q-OSAS (Table 2) .
DISCUSSION
The aim of this study was to validate the translated Q-OSAS questionnaire for the Slovak population and to assess its ability to predict an AHI score. The results of the study showed that the recommended Q-OSAS cut-off among subjects indicated for PSG had a mean sensitivity of 57% and a specificity of 66% for selecting a population of drivers at risk from OSAS with an AHI ≥ 15 in the Slovak population.
A lot of data has been published concerning different questionnaires for screening moderate and severe OSAS (AHI ≥ 15) showing variable predictive parameters and similarities to our data (14) .
The STOP-BANG questionnaire was originally validated for OSA screening of surgical patients in preoperative settings (8) . The comparison of the STOP-BANG scores to AHI in the similar setting of Sleep Laboratory-referred patients suggests the potential value of the STOP-BANG questionnaire in identifying some individuals who are not likely to have moderate or severe OSA (negative predictive values were 87, and 96%, respectively). The sensitivity of the STOP-BANG for AHI > 15 and > 30 was 93% and 97%, respectively, but with very low specificities of 40% and 33% (15) .
The Berlin questionnaire was validated in sleep-clinic patients taken from the general population and surgical patients. Its predictive performance for OSA varied greatly among different patient populations. In primary care patients, the sensitivity and specificity were found to be 54% and 97%, respectively, at a cut-off of AHI greater than 15 (4). In sleep clinic patients, the Berlin questionnaire showed sensitivity of 57% and specificity of 43% at a respiratory disturbance index greater than 15 (6) . The predictive value of the Berlin questionnaire was less effective than the STOP-BANG in patients referred for coronary artery bypass grafting versus abdominal surgery (21). The role of comorbid diagnoses in different studied populations was suggested.
Comparative validation of the Berlin questionnaire, the ASA checklist and the STOP questionnaire in the same surgical patients (7, 8) found no significant differences between the three screening tools in the predictive parameters. The sensitivity/specificity for AHI ˃ 15 was 74%/53% in the STOP questionnaire, 78%/50% in the Berlin questionnaire and 79%/37% in the ASA Checklist, respectively, and for AHI ˃ 30 the sensitivity/specificity were STOP questionnaire: 80%/49%, Berlin questionnaire: 87%/46% and ASA Checklist: 87%/36%. Compared with the aforementioned studies, our results demonstrated the sensitivity and specificity of Q-OSAS as comparable to the published data.
In the second step of the statistical analysis, we considered a decrease in the cut-off values of the Q-OSAS, increasing the sensitivity at the cost of an unacceptable decrease in the specificity for a screening utility.
The last step of the analysis was testing the validity of Q-OSAS without DS evaluation. We considered the ESS (Question No 11) used for DS evaluation to be the weakest point of the questionnaire, because of the number of variables that can influence ESS validity and the value to predict the OSA alone. In drivers the role of dissimulation of DS caused by fear of losing one's driving license when being asked about the possibility of falling asleep while driving is expected. The ESS shows high sensitivity and specificity (14, 15) . The exclusion of the ESS score from the final score of the Q-OSAS with a cut-off point of 8 in the present study brought very good specificity (77%) with acceptable sensitivity (50%). The results of modified interpretation of the Q-OSAS (ESS excluded from the final statistics) showed results comparable to the aforementioned screening questionnaires. Despite the limited value of ESS in the evaluation of DS in OSAS patients, the ESS is considered to be the gold standard in the evaluation of DS. Furthermore, the presence of excessive DS is a crucial feature for fitness to drive despite its subjective nature in the questionnaire and subjects with an ESS score above 10 should be processed for the further examination in a sleep centre whatever the Q-OSAS score is. A limitation of the study was that the subjects did not come from the general population of drivers applying for driving licenses but were individuals with disrupted sleep and/or snoring planned for overnight PSG examination (they were not prescreened by oximetry or polygraphy).
CONCLUSIONS
The study approved Q-OSAS as being the screening tool to facilitate the screening of subjects potentially at risk of moderate and severe OSAS for evaluation of the fitness to drive, and has been validated for the first time. Evaluation of ESS apart of the other questions could increase the potential of Q-OSAS for traffic safety to search for DS accompanying OSAS and also other sleep and wake disorders.
Therefore, in the Slovak population we suggest the two step interpretation of the questionnaire: Subjects with a score of 8 and above (modified interpretation of Q-OSAS) and/or ESS score over 10 have to be recommended for PSG evaluation in the sleep centre. 
